Intradentinal antimicrobial action and agitation of epoxy resin-based sealer in endodontic obturation antimicrobial effect against Enterococcus faecalis within dentinal tubules. selected and divided into 2 groups (n=15): with and without UA of the and the specimens were sectioned at 2, 4 and 6 mm from the apex for stereomicroscope and confocal laser scanner microscopy (CLSM) analysis.
Introduction
Adequate obturation of the root canal system is required after biomechanical procedures, to ensure the long-term success of endodontic treatment 20 . During root canal obturation, an important objective of using reached by gutta-percha 6 . However, the anatomical obturation 2 .
The presence of isthmuses has a negative effect 13 as the obturation 4, 5 . To quality in terms of reducing unfilled areas and gaps, and promoting more effective penetration of sealer into dentinal tubules, recent studies have recommended the ultrasonic activation (UA) of sealers before obturation with gutta-percha 7, 16 . However, this effect has only been studied in single rooted teeth with single canals, and no studies evaluating these aspects in teeth with anatomical complexities have been conducted so far.
Within the dentinal tubules, bacteria such as Enterococcus faecalis (E. faecalis) have capacity to penetrate deeply and offer resistance to the antimicrobial agents used in endodontics 29 . These bacteria are the microorganisms most frequently isolated from persistent endodontic infections 19, 22 .
Although the AH Plus sealer has been studied by several authors, and has shown good antimicrobial effect against E. faecalis 18,28 , this factor might be dependent on the depth of penetration of the sealer.
In addition, sealer penetration into the dentinal bacterial entombing action 10, 15 . Based on the foregoing considerations, it would be interesting to assess the effect of ultrasonic activation of the sealer to enhance the antimicrobial activity against E. faecalis within the dentinal tubules.
Therefore, the aim of the present study was to in mandibular molars, and analyse the antimicrobial effect against E. faecalis within the dentinal tubules.
The null hypotheses tested were as follows:
Ultrasonic activation of the endodontic sealer would
There would be no difference in the adaptation of the sealer/dentine interface and intratubular penetration when ultrasonic activation was performed in the mesial roots of mandibular molars.
The ultrasonic activation would not improve the intradentinal antimicrobial activity of AH Plus against E. faecalis.
Material and methods

Sample Selection
The ethics committee approved this research (CEP 788274 . Then, the root and dried with paper points.
Obturation of the specimens
The AH Plus sealer (Dentsply Maillefer, Ballaigues, Switzerland) was manipulated in accordance with A single operator, blinded to the sample ALCALDE MP, BRAMANTE CM, VIVAN RR, AMORSO-SILVA PA, ANDRADE FB, DUARTE MAH group, performed all the measurements, and the measurements were repeated twice to ensure reproducibility.
Intradentinal antimicrobial activity
Sample Preparation
The crowns of thirty bovine incisor teeth and 2 apical mm were removed; the samples were standardized to 6 mm lengths by using an Isomet saw 
Confocal laser scanning microscopy (CLSM) analysis
After the above-mentioned time interval, the specimens were longitudinally sectioned by using an Table 1 . In all sections, ultrasonic activation (Figure 2A, B) .
Results of the CLSM examination are presented as median and ranges in Table 2 . Overall, ultrasonic activation of the sealer showed a significant improvement in sealer penetration into the dentinal tubules in both canals and isthmuses (p<0.05) ( Figure   2C, D) . Gaps at the sealer/dentine interface were Intradentinal antimicrobial activity the bacterial viability when compared with the other groups (p<0.05). As regards deep dentine, there was the ultrasonically agitated group (G1) was compared with Control group (G3) (p<0.05).
Discussion
Ultrasonic activation of the endodontic sealer isthmus), adaptation of sealer/dentine interface and intratubular penetration in the UA group. The antimicrobial activity was also enhanced by UA in superficial dentine. Therefore, our entire null hypothesis was rejected. The favourable results previous studies 3, 25, 27 that showed deficiency in was capable of leaving tissue remnants, bacteria and debris, increasing the risk of post-treatment apical periodontitis.
In the present study, PUI for 1 min per canal was performed in both groups to achieve an improved isthmus cleaning 8 and the sealer was observed to both groups. However, a low quantity of sealer was .
Although the results of the confocal microscopic analysis of both the groups showed gaps at the sealer/ dentine interface, ultrasonic activation of the sealer gaps to minimum values in some canal cross sections.
Furthermore, higher percentages of intratubular sealer penetration were observed in the canal and isthmus region of the UA group at all the levels evaluated.
Previous studies presented similar results using single rooted teeth 7, 16 . Macedo, et al. 12 This study presented a method for intratubular contamination of bovine dentine proposed by Andrade, et al. 1 (2016) . Bovine teeth are commonly used as an experimental substitute for human teeth because they are easily available 21 . Compared with human dentine, bovine dentine has a higher concentration of dentine tubules per square millimeter, however, this difference is small. On average, the diameter of dentine tubules of bovine teeth is larger than that of human teeth, percentage of intertubular dentine in bovine teeth is the same as it is in human teeth 21 .
Vera, et al. 25 (2012) showed that microorganisms remain inside the dentinal tubules and survive after biomechanical preparation and intracanal dressing.
Thus, the sealer penetration into the dentinal tubules of the antimicrobial action of these materials and their action of entombing residual microorganism 10, 15 .
Our results showed that ultrasonic activation of the E. faecalis by ultrasonic tip is due to the transmission of acoustic microstreaming energy produced, which increases the sealer penetration into the dentine tubules 7, 16 . Thus, the greater sealer penetration may act as a physical barrier and may entomb residual microorganisms, thereby separating them from nutrient sources 17 .
In addition, the greater contact between the sealer and microorganisms could favour the antimicrobial action of the AH Plus, consequently reducing the microorganism viability.
Conclusion
The ultrasonic activation of the AH Plus sealer increased the intratubular penetration of sealer, especially in the isthmus area. Additionally, ultrasonic activation of the sealer increased the intradentinal antimicrobial action against Enterococcus faecalis,
